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The RNA exosome degrades many different RNAs. Thoms et al. now fill an important gap in our un-
derstanding of how the exosome recognizes distinct subsets of target RNAs.Cells contain a variety of RNA species,
nearly all of which require processing to
become fully mature and functional. The
RNA exosome, a major 30 to 50 exoribonu-
clease complex, contributes to many of
these maturation steps. The RNA exo-
some also degrades byproducts of RNA
processing reactions and aberrant RNAs
resulting from mistakes in RNA matura-
tion. How the RNA exosome recognizes
all of these client RNAs is largely un-
known, but it has long been speculated
that over a dozen cofactors govern inter-
actions of the RNA exosome with its sub-
strates. While the composition of the core
RNA exosome is fixed, the associated co-
factors vary. There has been little charac-
terization of how these proteins recognize
RNA exosome-destined substrates. In
this issue of Cell, Thoms et al. (2015)
now reveal that the enigmatic arch
domain of the cofactor Mtr4 plays an
important role by directly interacting with
target RNPs (ribonucleoproteins, RNAs
with their associated proteins).
rRNA accounts for most of the mass of
RNA in a cell and is extensively pro-
cessed. It is therefore not surprising that
we have learned much about RNA pro-
cessing reactions by studying the details
of rRNA maturation. This famously in-
cludes the discovery of catalytic RNAs
that self-splice out of pre-rRNA. The
RNA exosome was also discovered
because of its role in rRNA processing
(Mitchell et al., 1997). Although the RNA
exosome turns out to havemany other ac-
tivities, rRNA processing is a prime func-
tion. A rapidly growing yeast cell needs
to produce about 100,000 ribosomes
every hour and transcription of pre-rRNA
by RNA polymerase I accounts for 60%
of all transcription (Warner et al., 2001).
This pre-rRNA is initially processed by en-
donucleases into several smaller RNAs,940 Cell 162, August 27, 2015 ª2015 Elsevieincluding the 50-ETS (external transcribed
spacer) and 7S pre-rRNA. It has been
known for 15 years that the RNA exosome
subsequently degrades the 50-ETS and
processes the 7S pre-rRNA to 5.8S
rRNA. Thoms et al. show that these two
substrates are recognized in surprisingly
similar fashion through two specialized
cofactors.
Among all of the RNA exosome cofac-
tors, Mtr4 is required for all activities of
the nuclear RNA exosome, while other co-
factors have more specific roles. Mtr4
consists of an RNA helicase core that re-
sembles other RNA and DNA helicases,
an unstructured N-terminal region and
an arch domain (Jackson et al., 2010;
Weir et al., 2010). The key finding of
Thoms et al. is that the arch domain of
Mtr4 directly interacts with Nop53 and
Utp18 and these interaction are required
for 5.8S rRNA processing and 50-ETS
degradation, respectively. Nop53 is a
component of the pre-60S particle and
is required for maturation of the 60S ribo-
somal subunit, which contains the 5.8S
rRNA. The authors show that the interac-
tion between Nop53 and the Mtr4 arch
domain is required for 5.8S rRNA pro-
cessing, but not for 50-ETS degradation.
In parallel, Utp18 is required for matura-
tion of the 40S ribosomal subunit and
directly interacts with the 50-ETS. Thoms
et al. also find that the interaction between
Utp18 and the Mtr4 arch domain is
required for 50-ETS degradation, but not
for 5.8S rRNA processing. Nop53 and
Utp18 have a similar motif (the arch inter-
action motif or AIM) that is required for the
interaction with the Mtr4 arch domain, as
well as for the 5.8S rRNA processing
and 50-ETS degradation reactions. The
authors further identify a conserved argi-
nine residue in the arch domain that is
required for the interaction with Nop53r Inc.and Utp18 and presumably interacts
with a very conserved aspartate in the
AIM motif. This paper thereby connects
two important RNA substrates, through
specific adaptor cofactors, to the central
RNA exosome cofactor Mtr4. Other
recent has shown that Mtr4 directly inter-
acts with a Rrp6/Rrp47 dimer, which in
turn directly interacts with the RNA exo-
some. This series of specific interactions
connect the multifunctional RNA exo-
some with two of its most abundant sub-
strates (Figure 1).
Mtr4 can also associate with either Trf4
or Trf5 and either Air1 or Air2 to form the
TRAMP complex that targets other
RNAs to the exosome. Formation of the
TRAMP complex requires the core heli-
case domains of the Mtr4, but not its
arch domain (Falk et al., 2014; Losh
et al., 2015). In addition to the interactions
with the core helicase domains, a recent
crystal structure shows the key arginine
in the Mtr4 arch domain in contact with
an aspartate on Air2 (Falk et al., 2014)
that is also part of a conserved AIM-like
motif (Figure 1). The dynamics and stoi-
chiometry of AIM interaction with the
arch domain remain to be worked out,
but one explanation is that when Mtr4 is
working as a subunit of TRAMP, the
Air1/2 subunit binds this arch domain
arginine in order to block access of other
cofactors such as Nop53 or Utp18.
Thoms et al. identify an AIM in the protein
Sqs1 that is required for the Sqs1-Mtr4
interaction, although the functional con-
sequences of this interaction are not clear
(Figure 1). These results suggests that at
least four distinct proteins can bind to
the same site on the arch domain and
suggest that this connects the central
RNA exosome cofactor Mtr4 to multiple
specific RNA exosome cofactors and
thus present a major step forward in
Figure 1. Linking the RNA Exosome to Substrates
The study by Thoms et al. (2015) shows how cofactors that directly bind to pre
5.8S rRNA and to the 50ETS interact with Mtr4. Other recent work connects
Mtr4 through a series of direct protein-protein interactions (Arrows) with the
RNA exosome and the TRAMP complex. Many of these interactions are
mediated by short (intrinsically disordered) peptide motifs. A potential Rrp6
and Rrp47 independent interaction between Mtr4 and the RNA exosome is
indicated with a dashed line.understanding RNA exo-
some-substrate interactions
and RNA exosome speci-
ficity.
A key question is whether
the mechanism revealed by
Thoms et al. for 5.8S pro-
cessing and 50-ETS degrada-
tion is general for all RNA
exosome substrates. Due to
the prevalence and impor-
tance of proper pre-rRNA
processing and 50-ETS
degradation, it is understand-
able that the efficiency of
these reactions would be
ensured by adaptors that are
very specific for those sub-
strates. However, eukaryotic
cells contain a large number
of different RNA exosome
substrates of different clas-
ses, lifespans, and process-
ing requirements. It is unlikely
that adaptors that very spe-
cifically recognize individual
substrates, are needed in
each case. Furthermore, aspointed out above, the interaction be-
tween the AIM-like motif of Air1/2 and
the arch domain is not actually required
for TRAMP integrity. It seems reasonable
to assume that an AIM-containing
cofactor interaction with the arch is an
important way to connect to individual
substrates, but it is unlikely the only way.
The physical interactions from Nop53
or Utp18, through Mtr4 and Rrp6/47 to
the RNA exosome suggest a means of
delivering RNAs to the exosome. Consis-
tent with this suggested path, a mutation
of the Nop53 AIM, deletion of the MTR4
arch domain, deletion of RRP6 or deletion
of RRP47 all result in the accumulation of
5.8S rRNA extended by 30 nucleotides, a
phenotype not generally seen in othermu-tants that affect RNA exosome activity.
On the other hand, while the RNA exo-
some and Mtr4 are encoded by essential
genes, Rrp6 and Rrp47 are not essential,
which suggests that there may be other
means of delivering substrates from
Mtr4 to the RNA exosome. Perhaps
related to this, there are also several
ways by which a substrate RNA can
interact with the RNA exosome in vitro
(Liu et al., 2014; Makino et al., 2015; Was-
muth et al., 2014). Thus, there may be
different cofactor/RNA exosome interac-
tions resulting in the delivery of RNAs to
various sites on the RNA exosome.
The above considerations suggest that
the work from Thoms et al. presents a
great step forward in understanding RNACell 162, August 27exosome/substrate interac-
tions, but also raises impor-
tant new questions. The un-
derstanding of the RNA
exosome has rapidly moved
forward over the last few
years by combining genetics,
biochemistry, and structural
biology and this same combi-
nation should provide the an-
swers to these new questions
in the near future.REFERENCES
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